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ABSTRACT
Image improvement, through the use of the Fourier
transform property of lenses using various frequency block
ing filters, was investigated to determine possible utiliz
ation of this technique to enhance low contrast fingerprint
image characteristics. Ten basic fingerprint patterns were
degraded in contrast and then used as the object t(x,y) in
an optical spatial filtering setup. A series of frequency
blocking filters were used in an effort to improve the
degraded object image. Visual comparison of the filtered
images obtained by using a double band frequency blocking
filter, which produced the most satisfactory images, shows
improved overall contrast. Random ridge enhancement was
achieved, which varied from pattern to pattern, but at the
same time, degradation also occurred randomly from smeared-
out and blemished sections. Although overall enhancement
was not achieved, the enhanced partial areas are typical of
the type used in identification work using fingerprints.
I. INTRODUCTION
The science of fingerprinting constitutes the only
infallible means of positive identification of persons,
known to man, since statistics show that the probability
of finding two identical fingerprints is stochastically
zero. The ridge patterns which can be seen on a newly
born infant will remain unchanged throughout the life of
an individual unless they are destroyed by accident or
disease .
It is not known who first noticed that the inner
surfaces of the hands and fingers were covered with ridges
or that these ridges tended to form definite patterns. It
wasn't until 1858, that an Englishman, Sir William J.
Herschel, began using fingerprints for identifying indiv
iduals. This method of identification is now in general
use throughout the world. The basis for this type of
identification is based solely upon the ridge characteris
tics and the sequence in which they occur. In tracing the
courses of the individual ridges of the enlarged portion
of the fingerprint shown in Fig. 1, it is seen that some
end abruptly, while others fork. Sometimes the limbs of
such a fork join together again almost at once and form
an enclosure. Occasionally there are short independent
ridges. Thus, when two impressions are being compared and
it is found that the ridge characteristics occur in sequence
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Fig. 1. Enlarged portion of fingerprint, showing
individual characteristics and the random
manner in which they may be found.
in both impressions it can be assumed without doubt that
the impressions were made by the same finger. In order
that a positive identification can be made, a certain num
ber of these characteristics must appear in sequence.
Generally, for presentation in the courts, a law enforcement
agency will insist that a fingerprint technician be able to
demonstrate at least ten characteristics in sequence before
a positive identification is made.
It does not necessarily follow that the entire finger
print pattern must be complete; only a partial impression
is needed. This impression must contain a minimum of ten
ridge characteristics from which positive identification
can be made. This means that in some cases only a small
portion of the overall fingerprint pattern is required.
The area where this type of fingerprint is most often en
countered is at scenes of crimes, although they may be found
in a number of other areas, such as identification of the
dead; from plane crashes, fires, drownings and any other
case where identification by other means has failed.
The types of fingerprints found in the course of
investigations are grouped into three classes:
(1) Latent or invisible;
(2) Visible; and,
(3) Moulded Impressions.
(1) Latent or invisible impressions are a result of the
transfer of the thin film of sweat and body grease from the
finger surface to the object touched. The surfaces on
which this type of fingerprint may be found is almost with
out limit. Generally, hard smooth surfaces are excellent.
Reproduction on these surfaces is achieved by brushing the
surface with special fingerprint powder using a special
brush. Once made visible these prints can be lifted and
photographed or just photographed directly on the surface
where they are found.
The lifters are a transparent material, similar to
scotch tape. As the name implies they are used to transfer
prints which have been made visible from the surface on
which they were found, to a backing material which is
nothing more than a support for the lifter. The color of
the support is such that maximum contrast will be obtained
between the support and the fingerprint impression.
Latent impressions on paper may also be made visible
by treating the paper with silver nitrate solutions. In
this case the sodium chloride from the sweat reacts with
the silver nitrate solution to form silver chloride. On
exposure to strong light, a brown colored image is produced.
Although there are other treatments which may be used on
paper, these will not be discussed. It will be sufficient
to say that after such treatments the developed images are
photographed.
(2) Visible prints are those which do not require any
form of development to make them visible. They may be
found in dust, blood, or some other such material. Due to
the unstable nature of these materials, these fingerprints
are almost always photographed where found.
(3) Moulded fingerprint impressions are those which are
found in soft material, like plasticene, wax, soft putty,
etc. These impressions are visible and do not require any
form of development. The procedure as in the preceding
two classes, is the recording of the fingerprints on film.
As a result of this wide range of conditions under
which fingerprints may be found, law enforcement and other
agencies are daily confronted with fine detail, low contrast
images. These images when photographed in the conventional
one-to-one manner, on fine grain film and processed to pro
duce the best reproduction often lose enough of the detail,
to render them unusable or quite difficult to compare to
master copies. In other words, some of the information
which existed in the original fingerprint is lost in the
tone reproduction process.
The fine details in the fingerprint reproduction are
usually necessary details in order that a positive identif
ication may be made. Therefore, it is important to retain
these fine details.
One of the uses of optical spatial filtering is to
reduce the noise in the original image; thereby increasing
the signal to noise ratio in the reproduction. Thus in
creasing image contrast as well as edge enhancement. The
purpose of this thesis is to determine whether or not a
significant visual improvement in contrast and edge enhance
ment can be obtained by the use of optical spatial filtering
on first generation negatives of ten different fingerprint
images .
II THEORY
Just as complex electronic wave forms can be broken
down by a spectrum analyzer into frequency components, so
a photographic image can be optically broken down into a
pattern of frequency components. In both cases the output
signal is a Fourier transform* of the input signal.
Consider the aperture shown in Fig. 2. Light passes
from a given source and the field at the aperture is
ufx v
z1e ' w^ere uCx>y>z) i-s the amplitude of the wave at
the aperture which is a function of coordinates only. We
shall omit the time dependent part. Our problem is to de
termine the field at a point p , at a distance r, from the
aperture .
Fig. 2 Image distribution due to a spherical wave front
* Also referred to as Amplitude Spectrum
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We introduce some surface which covers the aperture and is
bounded by its edges. We break up this surface into elem
ents with area ds , whose dimensions are small compared to
the wavelength of the light. We can then consider the con
tribution of each element to the field at p. We will then
consider that the total field at p is the superposition of
the fields produced by all elements ds of the surface
covering the aperture. The field produced at the point p
by the element ds is proportional to the value u(x,y,z) of
the field at ds itself. In addition, it is proportional to
the projection dsn of the area ds on the plane perpendicular
to the direction n, of the ray coming from the light source
at ds . This follows from the fact that no matter what
shape the element ds has, the same rays will pass through
it provided that dsn remains fixed, therefore, its effect
on the point p will be the same. Thus the field at the
point p produced by ds is proportional to u(x,y,z) dsn. We
must also take into account the change in amplitude as the
wave propagates from ds to the point p.
Since the intensity is proportional to
1/r2
and also
proportional to the square of the modulous of the amplitude,
- ikr
then the amplitude must be proportional to
' where k is
the wave number and is given by k = 2/r/X.
Thus dup = ^ dsn (1)
"i Ic t*
and up = a / ue dsn (2)
r
where a is an unknown constant.
To determine the constant a, we consider a wave prop
agating along the z-axis. The wave surfaces are parallel
to the xy-plane. Let u be the value of the field in the
xy-plane. Then at a point p, which we choose on the z-axis,
the field is equal to:
up =
uelkz
(3)
On the other hand the field at p can be found by using
equation (2) , choosing as the surface of integration for
example the xy plane. In doing this, because of the small-
ness of the diffraction angle, only those points of the
xy-plane for which xy<<z are important in the integration.
Therefore r = (x2 + y2 + z2)"5
r . z(i +
*2
: y2^
z
2 x 2
r = z{l ?
+ y'h
' S * + SF" '&
Therefore up = a/z /"/
uSik(z
+ X*2* y2) dx dy (5)
u, here is a constant.
up -
auikzC '^T ^ /; e^ dy (6)
Consider I =
f
e^^- dx
- 2z
Set x = /2z/k; dx = /2z/k d
I = /2z/k
/"
d
I = /2z/k{f_2 CosC2d -i/csin^2d?}
I = /2z/k {//r/2 -i A/2} = /z/r/k (1-i)
Similarly
/"
~e^6rT d^ = /zTr/k U"1)
Thus up =
auelkz
(zttA) (1-i)2
=
iTauelkz
(l-2i-l)
2Trauie (7)
From equations (7) and (3) we get
-ikz 0 . -ikz
up = ue = -2/rauie
Therefore -2/Tai = 1
10
or a =
k Ci2jrr/X) i
2iri 2/r (8)
Thus equations (1) and (2) become
dup = ^
P
dsn
up =
iruelkr
,
jf dsn
(9)
(10)
To show that the optical system will transform the
object distribution in object space to its Fourier transform
in image space, we will devote ourselves to one dimensional
object distribution only. In other words we will consider
Equations (9) and (10) only in one dimension. Similar
results would be obtained if a second dimension is considered
Consider the optical system shown in Fig. 3.
Fig. 3 Optical Fourier Transform System
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In Fig. 3 a collimated monochromatic light is incident on a
rectangular slit of width a. The light transmitted immed
iately behind the slit will have a constant amplitude A.
When an object with a transmission distribution function t(x)
is placed in the aperture along the x-coordinate , the light
amplitude A, leaving the aperture will be modified by the
object transmission t(x). Thus the light amplitude leaving
the object is then given by u(x) = At(x) .
Thus equation (9) takes the form
. A . f -, -ikr
, lAt f x) e , /,dup = ^-F- - dx (11)
Consider the plane wave front 0' which is perpendicular to
the parallel rays which are focused to the point y by the
lens. The optical distance from the plane 0' to y is the
same along all rays perpendicular to 0'. The rays having
the shortest geometrical paths travel the longer paths in
the lens. Since light travels slower in glass, the time of
travel will be greater. Due to this effect, the optical
path lengths are the same for the case mentioned. Since
the optical path lengths of the parallel rays are equal,
the consideration of any ray will not affect the generality
of the derivation. Consider the ray originating at x0 in
the expanded view shown in Fig. 4. This ray passes through
the center of the lens and is, therefore, undeviated.
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Fig. 4. Expanded portion of Fig. 2 to aid in the
calculation of: di , d2 and d3 .
The distance from 0' to y along this path is:
C = di + d;
dj= /f2 + y2 = f/1 + (y/f)
d2= /g2 - x Cos2ib o
(12)
(13)
(14)
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For small 6, Cos0 = 1 and then from similar triangles,
x0/g = y/f x0 = gy/f (15)
Substituting this expression for x0 in equation (14)
d2 = /g2 (16)
d2 = g/i - (y/f)2 (17)
For the practical case where y<<f, the square root factors
can be expressed with good approximation as the first two
terms of their respective binomial expansions.
2^ = i + a2_ a^d a2)2 1 ^ 3
The first two terms in the binomial expansion of di and
d2 give:
di = f{l + %(y/f)2} (18)
d2 = g{l - %(y/f)2} (19)
Therefore, the optical path length C from 0' to y along
any of the rays perpendicular to
0" is:
C = di + d2 = f{l + l/2(y/f)2}
+ g{l - l/2(y/f)2}
C = f + g + (l-g/f)y2/2f (20)
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The distance d3 in Fig. 4 along the ray under consideration
from the plane 0' to the plane 0 is:
d3 = x0sin6 (21)
However, for small 9, sine = tan6 = y/f which gives:
d3 = -j- (22)
The distance r from the point x0 in the plane 0 to a
point y in the back focal plane is then the sum of the
distances C and d3.
r = C = d3 = (f+g) + l/2f(l-g)y2 + x0y/f (23)
Letting M = f + g and N = l/2f(l-g/f)
r = M + Ny2 + x0y/f (24)
Since the optical path lengths are equal, r can be
expressed in terms of x rather than x0.
r = M + Ny2 + xy/f (25)
This expression can now be substituted for r in
equation (11) .
, w .-ik(M
+ Ny2 + yx/f) , ,-,,.dup = t(x)e v J } J dx (26)
The total light amplitude at a point y due to the sum of
the contributions from all x is then given by the integral:
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uP(y) =
a/2
t(x)eikM
eikN^
eik^/f
dx (27)
-a/ 2
-ik(M * Ny2) af t(x)-ikyx/f dx
a/2
Let ky/f = to where to is spatial
frequency in radians /mm.
fu
y = TT
up (3^)
+ N^
a/2
t(x)-i.xdx (29)
-a/2
a/2
/
t(x)elwx
dx = T(oO (30)
-a/2
T(to) is the Fourier transform of the transmission distrib
ution of the object
up(fu>/k) =
eik^
+ N f2-2)A2T(.)
up(foj/k) = BiiN^iT(o3) (31)
Where B = e = constant
- iNf 2w2
e t introduces a phase shift which depends on oof/k.
Unless this term is eliminated, the relative phase of the
light in back focal plane will not correspond to the
desired Fourier Transform. In order to eliminate this
phase term, the exponent must be zero i.e.
N = ^ Cl-g/f) = 0
16
or g = f
Thus when g = f, Equation (31) becomes
up(fro) m BT(u) (32)
It is important to note the effects of the location of
the aperture plane. The relative amplitude and phase cor
responding to a Fourier Transform are produced only when
the aperture plane coincides with the front focal plane of
the lens. This is a subtle point, since visual observations
do not detect the differences, due to phase, as well as
detectors such as film and photocells.
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III. EXPERIMENTAL
Optical Spatial Filtering Systems
For this research project two optical systems were
considered. In the setup shown in Fig. 5, the lens, L2,
produces an exact Fourier transform, F(u,v) of the object
amplitude transmittance f(x,y) in its rear focal plane.
This transform then interacts with a spatial filter which
is placed in the spatial frequency plane. The filtered
wavefront is then retransformed by the lens, L3, to form
the output distribution g(x,y) in the image plane. The
relationship of f(x,y) to g(x,y) is governed by the type
of filter being used. This system eliminates the phase
term as the object plane coincides with the front focal
plane of the lens. This type of system would have to be
used whenever phase filtration was going to be used to
achieve modification to an object.
5-Monochromatic light source
Ll-Collimating lens
O-Object plane = (x,y)
L2First transform lens
X-Fourier transform plane = F(u,v) Filter plane.
L3- Inverse transform plane
|-Image plane = g(x,y)
Fig. 5 An optical spatial filtering system.
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The second system which was considered and found to
be most suitable is shown in Fig. 6.
Fig. 6 The optical spatial filtering system
which was used in the experiment.
S2
Ll
&
0
O_0bject plane = t(x,y)
L3First transform lens,
Sl_ Light source (He. Ne. laser 6328A) 28 inch focal length, 4 inch diameter.
Ll_ (6X microscope objective)
S2._ 100 micron pinhole (spatial filter)
S3_Iris.
L2_Collimating lens,
28 inch focal length, 4 inch diameter.
X_Fourier transform plane
.= F(u,v) Filter Plane
L4_Inverse transform lens,
14 inch focal length, 3.5 inch diameter.
I_lmage plane = g(x,y). Honeywell
Pentax camera used to record images.
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As in the first system a plane wave illuminates the
object (in this case a fingerprint pattern) t(x,y). The
lens L3, which is in near contact with the object produces
the Fourier transform in its back focal plane, F(u,v). As
in the first system the filtering plane is located at the
back focal plane of L3 but is in near contact with the
inverse transform lens Li*, instead of a focal length in
front of it.
The Fourier transform properties of this system may
be shown as follows :
F(u,v) = /*/ t(x,y)
Sik^ux + ^/> dxdy
and g(x,y) = / / F(u,v) T(u,v)
gik(xu + V^/U dudv
- d
where T(u,v) is the transmission function of the filter.
This system was chosen as a long focal length lens
was desired, thus producing a larger transform of the ob
ject distribution in the transform plane. A larger trans
form facilitates the design and construction of filters.
A shorter optical bench is required with this system, due
to the difference in spacing of the components. The main
difference between the two systems is that in the second
setup, the phase term which is introduced by not having the
object at the front focal plane, is neglected. Thus, a
setup such as this is sufficient, provided only amplitude
20
blocking filters are to be used and no operations on phase
are being considered.
Objects
In order to obtain a sufficiently wide range of ridge
configurations, which are found in fingerprint patterns,
each of the ten basic patterns used in fingerprint classif
ication were chosen. These ten patterns were recorded on
Kodalith Ortho type 3 film. In order to produce some degree
of contrast and edge degradation in the images, the negatives
were heavily overexposed. Examination of the original prints
showed the image frequencies to vary from one to three ridges
per mm and that this imagery distribution was random within
a single pattern as well as from pattern to pattern.
In order to gain some insight into what type of filters
would be most suitable in achieving contrast and edge enhance
ment, photographs were made of each fingerprint amplitude
spectrum. This was accomplished by placing a projection lens
at the transform plane and then recording the projected image
on film. These photographs were also used as an aid in de
termining the dimensions of some of the filters which were
used. They showed that although each print was different,
the amplitude spectrums were similar. This similarity indic
ated that should a filter design be found which would enhance
one print, it was probable that enhancement would be achieved
on the other nine prints .
21
Filters
Depending on the type of modification which is being
considered, different types of filters may be used and they
can be categorized into four main groups.
(1) Phase Filters are used to modify phase alone.
Phase distributions are difficult to produce in a controlled
way, especially if continuously varying phase is required.
(2) Amplitude Filters are used to operate in a con
tinuous way on the amplitude only of the transform. The
variation in amplitude transmittance required is often pro
duced by recording the appropriate distribution on film.
(3) Combined Amplitude Phase Filters are used to
modify phase and amplitude simultaneously. Various tech
niques may be used to construct this type of filter but the
most efficient is by interferometric methods. Here the re
quired complex amplitude is recorded as a hologram.
(4) Blocking Filters are used to pass or remove cer
tain spatial frequencies.
Throughout this project only blocking filters were
used. These were drawn 10X, the required size, reduced
down onto high resolution glass plates and mounted in 35 mm
slide mounts for ease of handling. The various filters
which were tried are shown in Fig. 7, enlarged 5X, their
actual size.
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Circular apertures, 1 through 4 inclusive, or low
frequency filters as they are commonly referred to are used
when it is necessary to permit the D.C. and low frequency
to be passed and block all other frequencies.
Sectored, or what may be called directional filters,
5 through 10 inclusive, are used for selective filtering.
In this project, high and low frequency filters were com
bined with the directional filters to allow only certain
signal frequencies to pass through to the inverse transform
lens .
Annular or high frequency filters, 12 through 15 in
clusive, are used to remove the D.C. as well as low frequen
cies and transmit the higher frequencies.
Single band cut-off filters 11, and 16 through 20,
inclusive, combined with low and high frequency filters are
used when it is necessary to block middle frequencies. When
combined with a low or high frequency filter it is possible,
at the same time, to block or pass the low frequencies.
Double band frequency filters, 21 through 31 inclusive,
are more refined versions of a single band cut-off filter.
Here, when combined with low frequency filters, it is pos
sible to block out portions of middle and higher frequencies
and permit the remaining signal to pass through.
23
Fig. 7: The various blocking filters shown on this page and
the following three pages which were used throughout
this experiment. Dimensions shown are the actual
diameter sizes in mm of the filters.
24
15
Fig. 7 continued.
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Fig. 7 continued
26
Fig. 7 continued.
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Circular apertures, 1 through 4 inclusive, produced
retransformed images which were devoid of imagery except
for random areas. The imagery in these areas was faint and
degraded to the point of being unrecognizable. This indic
ated a large degree of noise with only small random areas
of signal in the low frequency region of the spectrum.
The results from the various sectored filters, 5 to
10 inclusive, were similar to those obtained using the circ
ular apertures. In this case, though the imagery was visible
in the higher frequency range where the filters were trans
mitting but was blocked out in the opaque areas, indicating
a stronger information signal in the higher frequencies.
Filter No. 11 resulted in images which were smeared
and unrecognizable.
Low frequency cut-off filters, 12 to 15 inclusive,
were made with various annular aperture sizes. These diam
eters were varied, since the prints in object space were
characterized by random imagery of 1 to 3 ridges per mm.
When these filters were inserted in the transform plane,
the retransformed images showed loss of detail and only slight
increase in contrast in some areas of the print. An example
of the type of results obtained is shown in Fig. 8, and is
a good representation of what the images of the other nine
patterns were like. The only difference noted with aperture
28
size variation was that the illumination level increased
as the aperture size decreased which should be the case
as more of the D.C. and low frequency was being passed.
Fig. 8 Unfiltered image. B
B
Filtered image using
a .50 mm annular aperture
A single band cut-off filter, No. 16, Fig. 7, resulted
in images which had increased contrast, but the ridge struc
ture had an overall out-of-focus appearance. This type of
image is shown in Fig. 9.
29
A B
Fig. 9: A. Unfiltered image. B. Filtered image.
Single band filters, 17 to 20 inclusive, are all middle
frequency cut-off, but of different dimensions. This varia
tion in dimensions didn't provide any significant visual im
provement over the prints produced using filter No. 16.
Double band filter No. 21 shown in Fig. 10 produced
results, which are shown on pages 32 to 41. These prints
were the best prints obtained from all the different filters
tried. Different dimensioned double band filters, 21 to 31
inclusive, were placed in the transform plane. In some
cases, the images were nearly identical to that obtained with
filter No. 21. In other cases though, the illumination level
30
Varied, and the smeared out areas shifted over to other
areas of the pattern. In none of the cases was it possible
to get overall enhancement in contrast and ridge detail.
Fig. 10: Double band filter No. 21 enlarged 5X its actual
size. Dimensions shown are the actual diameter
sizes in mm of the filter.
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Fig. 11: 1, Amplitude Spectrum of original fingerprint
(Arch) shown in 2 and 3 is the filtered print,
32
Fig. 12 1, Amplitude Spectrum of original fingerprint
(Tented Arch) shown in 2 and 3 is the filtered
print.
33
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Fig. 13: 1, Amplitude Spectrum of original fingerprint
(Radial Loop) shown in 2 and 3 is the filtered
print.
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Fig. 14: 1, Amplitude Spectrum of original fingerprint
(Ulnar Loop) shown in 2 and 3 is the filtered
print .
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Fig. 15: 1, Amplitude Spectrum of original fingerprint
(Whorl) shown in 2 and 3 is the filtered print.
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Fig. 16: 1, Amplitude Spectrum of original fingerprint
(Central Pocket Loop) shown in 2 and 3 is the
filtered print.
37
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Fig. 17: 1, Amplitude Spectrum of original fingerprint
(Twinned Loop) shown in 2 and 3 is the filtered
print .
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Fig. 18: 1, Amplitude Spectrum of original fingerprint
(Lateral Pocket Loop) shown in 2 and 3 is the
filtered print.
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Fig. 19: 1, Amplitude Spectrum of original fingerprint
(Composite) shown in 2 and 3 is the filtered
print.
40
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Fig. 20: 1, Amplitude Spectrum of original
fingerprint
(Accidental) shown in 2 and 3 is the
filtered print.
41
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IV. DISCUSSION OF RESULTS
Smeared out areas, such as that found in pattern No. 3,
page 38 and found in other patterns, are considered the most
distracting. These smeared areas remained in the same area
of the image pattern even though the object plane was rotated
and shifted off axis. By remaining in the same area, it is
meant that if the object was rotated 180 degrees the smeared
area rotated 180 degrees and the same area was still smeared.
This indicated that phase changes were possibly being intro
duced by surface deformations in the object negative. In an
effort to eliminate this possible phase change a liquid gate
was tried. Cargille Immersion liquids of 1.624 and 1.457
refractive index were mixed in a 1:1 ratio. This liquid,
having a refractive index of approximately 1.540 was coated
on the object negative. This negative was then sandwiched
between two optical flats and placed in the object plane.
On adjusting the transform plane to compensate for the
glass thickness and examining the filter image, no signific
ant change was found.
A check was made on the filters to determine whether
or not phase changes which may create the smearing occurred
at the filtering plane. This was performed using the setup
shown in Fig. 21. An example of the fringe patterns obtained
are shown in Fig. 22, and indicate that no phase variation
took place from one transmission band to the next.
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Fig. 21: Optical system used to check for phase variation
in the filters .
Fig. 22: Fringe patterns obtained,
43
As previously indicated, various dimensioned filters
had been tried without further success. Changes in the
smeared out areas, as well as in illumination, were observed
when the different filters were being changed and shifted on
and off axis. These changes in the x and y direction of
only .20 mm in some cases, resulted in areas which were in
itially smeared to come in. When this occurred, though,
other portions became smeared. An example of this is shown
in Fig. 23.
' ' ' I. \ ^6Z~''Y66'\ h i i
'^^~z66^^/?ty/////
itrrr.-o- '- :6^/y^-
B
Fig. 23: Image A was obtained with the central transmission
spot centered on axis. By shifting off the axis
slightly, image B, which now contains the area
which is smeared in A, was obtained.
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Due to this behavior, it is assumed that in the low
frequency region both signal and noise are found in a random
manner around the D.C. component. With the filter in one
position, certain noise frequencies are allowed through,
along with the desired signal. By shifting the filter up,
down, or both, another section of noise and signal frequen
cies are transmitted. At no time is it possible to isolate
the noise from the signal due to the randomness of the spa
tial frequencies within the object transform. Should this
be the case, it would be quite difficult to construct a
filter whereby overall enhancement could be obtained.
A further flaw in the fingerprints is that of blemishes
Two factors may be causing this defect. The probable cause
is that of too coherent a source which generates interfer
ence fringes, due to slight optical imperfections in the film
base or in the gelatin surface of the photographic emulsion.
A second cause is that of sweat pores which are evident in
the object. Each of these pores may be acting as individual
circular apertures .
Although it wasn't possible to enhance the ridge char
acteristics overall, a certain degree of enhancement was
achieved and the usefulness of this type of filtration has a
degree of merit. Areas where both contrast and ridge charac
teristics are clearer have been marked with a dashed line on
some of the filtered prints shown on pages 32 to 41. These
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partial sections which have been improved are typical of the
partial areas which are used in identification work using
fingerprints .
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V. RECOMMENDATION SECTION
It is recommended that this project should be continued
as several avenues of investigation remain open for further
experimental work.
As the degree of filtering success depends on the qual
ity of both transform lenses, it is suggested that better
quality lenses be used. Both transform lenses should be
well corrected for all points on their back focal plane
(Fourier transform plane) and have a resolution of at least
150 line pairs/mm. The lenses should be a matched pair, in
order that any phase variation, which may be caused by the
lenses, is minimized. The experimenter could also use the
matched lenses in the setup shown in Fig. 5. In this case,
One lens would be physically reversed and positioned so that
the back focal lengths coincide exactly.
Two possible causes for the blemishes on the filtered
images may be due to the sweat pores in the original image
or too coherent a light source. In order to check these two
cases, it is proposed that the same setup as was used in this
project, be used. In regards to the sweat pores, these could
be opaqued out thus creating a continuous ridge and elimin
ating the circular aperture effect, which the pores may be
creating. An original, such as this, could be made and then
filtered with filter 21. Should results from this not be
satisfactory, a less coherent source, such as a high pressure
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mercury arc with suitable interference filters could be used
instead of a laser. This source could then be tried, using
an original with and without opaqued sweat pores. In each
case though, it must be the same fingerprint pattern.
Although only an unsuccessful cursory test was made,
using as a filter, the amplitude spectrum of a good finger
print to improve an identical poor one, it is felt that this
particular type of filter should be further pursued. This
filter would have a very limited application. It could only
be used when it was known that two fingerprints were the
same and it was necessary to improve the information content
of the poor one. The amplitude spectrum of the good finger
print would then be recorded on film, which would be an ex
acting process in order to obtain the proper density distrib
ution. The idea behind this type of filter is that only the
desired information would be passed with the undesired infor
mation being blocked out. In this way, it may be possible to
improve the information of the poor print. The disadvantage
of this filter is that a new filter would be required for
each different fingerprint.
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